The Tax transactivator of human T-lymphotropic virus type I (HTLV-I
Introduction
Human T-lymphotropic virus type I (HTLV-I) is associated with adult T-cell leukaemia\lymphoma and tropical spastic paraparesis\HTLV-I-associated myelopathy (Gessain et al., 1985 ; Osame et al., 1986 ; Poiesz et al., 1980) . The 3h region of the HTLV-I genome encodes a unique regulatory protein, Tax, which is essential for virus replication and also acts to deregulate numerous cellular genes (for reviews see Franchini, 1995 ; Yoshida, 1996) . Tax regulates gene expression through interactions with cellular DNA-binding proteins. At present, several cellular transcription factors have been found to mediate Tax-dependent transactivation. The members of the cyclic AMP-responsive element-binding protein (CREB)\ 1991 (CREB)\ , 1992 (CREB)\ , 1995 . Tax has also been shown to interact with Ets, SP-1 and the B subunit of NF-Y transcription factor and to transactivate the PTHrP, c-sis\ PDGF-B and MHC class II promoters Pise-Masison et al., 1997 ; Trejo et al., 1996 Trejo et al., , 1997 .
Another immediate-early gene that can be upregulated by the Tax transactivator is TR3\nur77 (the human homologue of nur77, NGFI-B, N10 and TIS1, also termed NAK-1 ; in this report we use TR3\nur77) (Chen et al., 1998) . TR3\nur77 has been found to be involved mainly in induction of T-cell apoptotic death (Liu et al., 1994 ; Woronicz et al., 1994) . In particular, it has been shown to be activated by mitogenic serum growth factors in fibroblasts (Hazel et al., 1988 ; Ryseck et al., 1989) , by nerve growth factor (NGF) and membrane depolarization in the pheochromocytoma cell line PC12 (Milbrandt, 1988 ; Yoon & Lau, 1993 and by T-cell receptor signalling in immature thymocytes and T-cell hybridomas (Liu et al., 1994 ; Woronicz et al., 1994) . Comparison of the 5h-flanking region of TR3\nur77 from different species (human, mouse and rat) shows that sequences within 250 bp of the promoter region from the transcription start site are well conserved. In this region, there are four AP-1-like elements, five consensus Sp1 motifs and also Ets, CArG and Egr motifs (Ryseck et al., 1989 ; Uemura et al., 1995 ; Watson & Milbrandt, 1989) . In fibroblast cells, activation of TR3\nur77 by serum growth factors requires multiple transcription elements in the 126 bp promoter sequence immediately upstream of transcription start site and involves immediate-early and delayedearly biphasic transcriptional regulation. Activation by phorbol esters requires enhancer elements between nt k126 and k72 of the promoter region (Williams & Lau, 1993) . In the rat pheochromocytoma-derived cell line PC-12, activation of TR3\nur77 by both NGF and membrane depolarization involves two AP-1-like elements and Sp1 elements between nt k60 and k30 of the promoter region. The two AP-1-like elements confer inducibility by NGF and membrane depolarization (Yoon & Lau, 1993 . In T lymphocytes, activation of TR3\nur77 by phorbol esters requires a promoter sequence between nt k378 and k162. The exact responsive elements in this region have not been confirmed because of two controversial results (Liu et al., 1994 ; Woronicz et al., 1994) . Activation of TR3\nur77 by apoptotic signals delivered through T-cell receptor signalling requires the promoter sequence between nt k322 and k151 (Liu et al., 1994 ; Woronicz et al., 1994) .
We have recently analysed the differential expression and regulation by Tax of TR3\nur77, NOR-1 and NOT in HTLV-I-infected cells (Chen et al., 1998) . TR3\Nur77, NOR-1 and NOT are three closely related transcription factors that constitute the Nur77 subfamily belonging to the steroid\ thyroid hormone receptor superfamily (Hazel et al., 1988 ; Mages et al., 1994 ; Milbrandt, 1988 ; Nakai et al., 1990 ; Ohkura et al., 1996 ; Ryseck et al., 1989 ; Watson & Milbrandt, 1989) . We have demonstrated that only TR3\nur77 is highly expressed in HTLV-I-infected cells and that Tax is able to induce TR3\nur77 expression dramatically in JPX-9 cells, in which tax expression is under the control of an inducible promoter (Nagata et al., 1989) . In continuation of our previous study, we sought to specify the mechanisms involved in Taxregulated TR3\nur77 expression in more detail.
Methods
Cells. The human T cell leukaemia cell line Jurkat (clone E6-1) and the acute lymphoblastic leukaemia cell line Molt-4 were obtained from ATCC (Mannassas, VA, USA). The HTLV-I-transformed lines MT-2 and C8166-45 were obtained through the NIH AIDS Research and Reference Reagent Program (Rockville, MD) and grown in RPMI-1640 medium supplemented with 10 % foetal calf serum (Harada et al., 1985 ; Salahuddin et al., 1983) . The Tax-inducible JPX-9 and control JPX\M lines were grown in RPMI-1640 medium supplemented with 10 % foetal calf serum. Expression of biologically active Tax protein or a non-functional Tax mutant was induced by addition of CdCl # to 10 µM final concentration (Nagata et al., 1989) .
Plasmids. Construction of deletion mutants of the human TR3\ nur77 promoter-chloramphenicol acetyltransferase (CAT) reporter vector was described previously (Uemura et al., 1995) . pGL2-TR3P-124 was constructed by cutting pk151TR3CAT with SmaI and XmnI and inserting the promoter sequence into the SmaI site of the pGL2-basic plasmid (Promega). The correct orientation of the promoter sequence was confirmed by automated fluorescent-label sequencing. For construction of the basic luciferase (Luc) reporter vector pE1b-Luc, complementary oligonucleotides containing a minimal promoter of the adenovirus E1b gene (sense : 5h CTCGAGCTGCAGGGTATATAATGCGCCAGCTC-AAGCTT) were synthesized, annealed and cloned into the XhoI\HindIII site of the pGL2-basic vector. To obtain the pE1b-NAP-Luc and pE1b-mu-NAP-Luc plasmids, complementary oligonucleotides containing a tandem repeat (underlined) of the wild-type (sense : 5h CCGGGC-CTGCGTCAGTGGCGCTGCGTCACGGAGC) or mutated (sense : 5h CCGGGCCTGCAGAAGTGGCGCTGCAGAACGGAGC) NAP sites from the TR3\nur77 promoter were synthesized, annealed and cloned into the XmaI\XhoI site of pE1b-Luc. The control pCMV and Taxexpressing pCMV-Tax plasmids were described previously (Smith & Greene, 1990) .
Site-directed in vitro mutagenesis of the human TR3/nur77 promoter. The pGL2-TR3P-124 plasmid was used as a template for construction of the mutated promoters with the QuikChange sitedirected mutagenesis kit (Stratagene). The following oligonucleotides were used for mutagenesis (substituted bases are underlined) : CArG-like (5h CGCCCCCACGCGCCCGCGTATGGCCAAAGCTCG), Egr (5h GCGGCCTGCGTCAGTGGATAACCCGCCCCTCCCCGTGC), Ets (5h GGCCGCCTCCCGCCCTCACCGCACCGCCCCCACG), NAP-1 (5h CGACGGGCGGCCTGCAGAAGTGGCGCCCCCGC), NAP-2 (5h GCCCCTCCCCGTGCAGAACGGAGCGCTTAAGAG), RCE (5h GG-AACCGCACCGCCCAAACGCGCCCTTGTATGG) and Sp1 (5h GC-CTGCGTCAGTGGCGCCCCAAACCCTCCCCGTGCGTCACGG). All mutations were confirmed by DNA sequencing.
Transfection and reporter gene analysis. All transfection experiments were performed in 6-well plates in triplicate with serum-free Optimem medium (Life Technologies). Jurkat cells were transfected by applying 4 µl liposome reagent DMRIE-C (Life Technologies) and 4 µg plasmid to 2i10' cells. After 5 h, the cultures were replenished with fresh supplemented medium. The cultures were grown for a further 48 h.
Luciferase was extracted according to the manufacturer's instructions (Promega) and activity was determined by a bioluminescent assay with an automated microplate luminometer (Labsystems). CAT activity was quantified with an ELISA kit (Boehringer). Activities in individual samples were normalized on the basis of protein content, which was determined by the bicinchoninic acid protein assay (Pierce).
Preparation of nuclear extracts. Jurkat, Molt-4, C8166-45 and MT-2 cells were washed with PBS and resuspended in buffer A [10 mM HEPES-KOH, pH 7n9; 1n5 mM MgCl # ; 10 mM KCl ; 1 mM sodium orthovanadate ; 0n5 mM DTT ; 1i protease inhibitor cocktail (Boehringer) ; 0n3 M sucrose and 0n1 % NP-40]. After incubation for 15 min on ice, plasma membrane disruption was checked under a microscope. Nuclei were collected by centrifuging at 3300 g for 15 min at 4 mC. Pelleted nuclei were resuspended in buffer C (20 mM HEPES-KOH, pH 7n9; 1n5 mM MgCl # ; 0n4 M NaCl ; 1 mM sodium orthovanadate ; 0n5 mM DTT ; 0n2 mM EDTA ; 1i protease inhibitor cocktail and 25 % glycerol) on ice with constant shaking for 30 min. Nuclear debris was removed by centrifugation at 25 000 g for 30 min. The supernatant was collected and dialysed with buffer D (20 mM HEPES-KOH, pH 7n9 ; 50 mM KCl ; 1 mM sodium orthovanadate ; 0n5 mM DTT ; 0n2 mM EDTA ; 1i protease inhibitor cocktail and 20 % glycerol) for 60 min at 4 mC with the Microdialyser System 100 (Pierce).
Gel-shift and supershift analyses. Nuclear extracts (10 µg) were incubated with 5 000-10 000 c.p.m. (0n5 ng) $#P-labelled NAP oligonucleotides (see below), 0n5 µg poly(dI-dC) and 1 µg BSA in binding buffer (12 mM HEPES-KOH, pH 7n9 ; 60 mM NaCl ; 1 mM MgCl # ; 1 mM DTT and 12 % glycerol) in 10 µl final volume for 25 min at 37 mC. For competition analysis, a 50-fold molar excess of cold double-stranded oligonucleotides was added to the reaction mixture and incubated for 20 min on ice before the addition of the $#P-labelled NAP probe. The oligonucleotides and their corresponding sequences were (binding motifs are underlined) : NAP (5h TCGAGCTCTCCATGCGTCACGGAGCGC 3h), mu-NAP (5h CCGGGCCTGCAGAAGTGGCGC 3h), AP-1 (5h CTAGTGATGAGTCAAGCCGGATC 3h), AP-2 (5h GATCGAACTG-ACCGCCCGCGGGCCCGT 3h), CREB (5h GATTGGCTGACGTCAG-AGAGCT 3h), Sp1 (5h GATCGATCGGGGCGGGGCGATC 3h), NF-κB (5h GATCGAGGGGACTTTCCCTAGC 3h) and Oct-1 (5h GATCGA-ATGCAAATCACTAGCT 3h).
For supershift analysis, 1 µg anti-CREB, anti-CREM, anti-ATF1, anti-ATF2, anti-ATF3, anti-ATF4(CREB2), anti-c-jun, anti-junB, anti-junD, anti-c-fos, anti-fosB, anti-fra1 or anti-fra2 antibody (all purchased from Santa Cruz Biotechnology) was incubated with 10 µg nuclear extract in 10 µl volume after the addition of NAP probe to the reaction mixture for 25 min at 37 mC. The complexes were resolved by electrophoresis in a 4 % polyacrylamide gel (1 : 40 bisacrylamide\acrylamide) in 0n25i TBE buffer at 4 mC and visualized with an InstantImager (Packard Instruments).
Results

Deletion analysis of the Tax-responsive region in the human TR3/nur77 promoter
We have demonstrated previously that Tax can transactivate the 2149 bp TR3\nur77 promoter in a broad range of cell types (Chen et al., 1998) . Since the TR3\nur77 promoter sequence contains widely scattered putative transcription factor-binding sites, we performed 5h-end deletion analysis of the TR3\nur77 promoter. A series of 5h-deletants of the TR3\nur77 promoter were co-transfected with control and Tax-expressing pCMV-Tax plasmid. The results showed that each of the six deletants, which covered 121, 151, 199, 314, 427 and 940 bp upstream of the transcription initiation site, displayed responsiveness to Tax comparable to that of the wild-type promoter (Fig. 1) . Deletion of the CREB-binding site at position k683 (pk427TR3CAT ; numbering is relative to the transcription initiation site according to Uemura et al., 1995) had no significant effect even though the CREB pathway has previously been established to be one of the pathways mediating Tax responsiveness. Similarly, neither of the two AP-1-binding site-like elements further downstream at positions k200 and k180 appeared to be effective in Tax transactivation (pk199TR3CAT, pk151TR3CAT). Thus, all indispensable regulatory elements seem to be in the 121 bp sequence upstream of the transcription start site that was encompassed in the shortest promoter (pk121TR3CAT). In order to confirm this result, we recloned this short promoter sequence (k124 to j81 bp of the TR3\nur77 promoter) into the pGL2-basic reporter vector (referred to as pGL2-TR3P-124). Co-transfection of pGL2-TR3P-124 with pCMVTax showed around 15-20-fold activation (Fig. 2 B) , which was comparable to the result with the 2149 bp promoter.
Site-directed mutation analysis of cis-acting elements of the TR3/nur77 promoter responsive to full Tax transactivation
To define the cis-acting elements required for Tax responsiveness, we analysed the minimal promoter sequence with the TESS program against the transcription factor Nucleotides are numbered according to Uemura et al. (1995) . The wild-type and mutant TR3/nur77 promoter reporter vectors were co-transfected with the control pCMV or pCMV-Tax plasmid in Jurkat cells and analysed for reporter gene expression. After the background values obtained with pCMV were subtracted, wild-type promoter activity was arbitrarily given a value of 1 and the activities of the mutated promoters were adjusted relative to this activity. (B) Activities of the mutated TR3/nur77 promoters after co-transfection with the control pCMV (open bars) or pCMV-Tax (hatched bars) plasmid. Transient expression of the reporter gene was determined by a standard luciferase bioluminescence assay after the samples were normalized for protein content. Bars represent meanspSEM of three replicates. database TRANSFAC (Heinemeyer et al., 1998) . Several candidate binding motifs that might possibly respond to Tax transactivation were identified (Fig. 2 A) . Previously, these motifs have been found to mediate activation by Tax of a number of promoters. In order to pinpoint the specific binding motifs responsive to Tax transactivation, we created a series of point mutations to disrupt the consensus binding motifs. The GC-rich region between the two AP-1-like (NAP) sites contains two Sp1 and one Egr sites overlapping each other ; to distinguish whether any of these elements were required for activation, mutations were created to disrupt only one or other of them (Egr and Sp1 ; Fig. 2 A) . The activities of the mutated promoters were evaluated in a transient co-transfection assay and compared with that of the wild-type promoter. The results are shown in Fig. 2 (B) . Mutations of the Egr and Sp1 sites had the least effect and resulted in decreases of 35 and 41 % from the original activity, respectively, whereas mutations of CArGlike, Ets and RCE motifs had more significant impact, resulting in decreases of 60, 61 and 71 %, respectively. Mutation of either of the two NAP motifs resulted in a decrease of about 78 % from the original activity. Furthermore, knocking out both NAP motifs (mutation NAP-1j2) completely abolished Tax transactivation (Fig. 2 B) . These results provide evidence that several cis-acting elements contribute to transactivation of the TR3\nur77 promoter by Tax. Nevertheless, the two NAP elements immediately upstream of the TATA box appear to play an essential role in Tax-regulated TR3\nur77 expression.
Tax-responsiveness of the NAP elements in a heterologous minimal promoter
In order to characterize further the functional responsiveness of the two NAP elements to Tax transactivation, these two NAP elements and mutated NAP elements with surrounding sequence from the TR3\nur77 promoter were cloned into the pE1b-luc reporter vector, which contains a basal E1b promoter sequence (pE1b-NAP-luc and pE1b-mu-NAP-luc). Co-transfection of pE1b-NAP-luc with Tax showed an increase in luciferase activity of around 7-fold and cotransfection with the mutant NAP reporter (pE1b-mu-NAPluc) did not show any induction, which indicated the specific response of the NAP elements (Fig. 3) . This result further (Tanaka et al., 1990) .
supported the independent Tax responsiveness of these two NAP elements in Tax-regulated TR3\nur77 expression.
Gel-shift analysis of NAP binding in Tax-expressing, HTLV-I-infected cells
In order to study the transcription factors that mediate the Tax effect by binding to the NAP element in HTLV-I-infected cells, a DNA probe containing a single NAP motif including the adjacent sequence from the TR3\nur77 promoter was used to perform electrophoretic mobility shift assays. Specific NAP binding was only observed in HTLV-I-infected MT-2 and C8166-45 cells, which express Tax protein, and not in HTLV-I-negative Jurkat or Molt-4 cells (Fig. 4 a) . In order to analyse the correlation between expression of Tax and the observed NAP binding in HTLV-I-infected cells, we analysed specific NAP-binding activity in JPX-9 and JPX\M cells. These cell lines are both Jurkat-derived, stably transfected with the wildtype (JPX-9) or mutated (JPX\M) tax gene under the control of the inducible metallothionein promoter (Nagata et al., 1989) . Induction of Tax was achieved upon treatment of cells with 10 µM CdCl # , as shown in Fig. 4 (B) . No specific NAP binding was observed in JPX\M cells before or after the addition of 10 µM CdCl # . Induction of Tax expression in JPX-9 cells significantly increased NAP binding (Fig. 4 B) , indicating that this specific NAP binding is correlated with Tax expression in these cells.
Characterization of the NAP-binding complex in HTLV-I-infected cells
In order to identify specific transcription factors that bind to the NAP elements of the TR3\nur77 promoter in HTLV-Iinfected cells, we performed competition analysis with cold probes containing consensus binding motifs of different transcription factors. Competition analysis with MT-2 nuclear extracts showed that NAP binding was effectively abolished by excesses of the AP-1 and CREB probes, but not by cold AP-2, NF-κB, Sp1 or Oct-1 probes (Fig. 5 A) , thereby suggesting that transcription factors from the AP-1 and CREB families are involved in Tax-regulated TR3\nur77 expression. The same result was obtained with C8166-45 cells (data not shown). This result further corroborates our previous observation that the CREB-defective Tax mutant M47 is unable to transactivate the TR3\nur77 promoter (Chen et al., 1998) . Next, we employed specific antibodies in supershift analysis to specify in detail which members of the CREB\ATF and AP-1 transcription factor families were bound in complexes with the NAP element (referred to as the NAP-binding complex). Among the antibodies tested, only the anti-JunD antibody partially shifted the NAP-binding complex. None of the CREB\ATF or other AP-1 family members was detected in the NAP-binding complex. Consistent results were obtained from both MT-2 and C8166-45 cells (Fig. 5 B ; data not shown for C8166-45 cells). Because the responsiveness of CREB to Tax is wellcharacterized in transactivation of the HTLV-I LTR through CRE-like elements, we performed the supershift analysis carefully with two different CREB-specific antibodies and one CREM-specific antibody (clones C-21 and X-12 for CREB and clone X-12 for CREM ; Santa Cruz Biotechnology). None of them shifted the NAP-binding complex (data not shown). We also checked whether members of the NT-AT transcription factor family could bind to the NAP element, since NF-AT has been found to form a complex with AP-1 transcription factors to regulate gene expression through some non-consensus AP-1 elements and NF-AT can mediate Tax-regulated interleukin-2 expression (Good et al., 1997) . We employed an anti-NF-AT antibody (clone K-18, Santa Cruz Biotechnology) that can recognize NFATc1, NFATc2, NFATc3 and NFATc4 specifically. Our result indicated that the anti-NF-AT antibody could not shift the NAP-binding complex (data not shown), indicating that NF-AT transcription factors are not involved in Tax-regulated TR3\nur77 expression. Combination of the anti-JunD antibody with antibodies against other members of the CREB\ATF, AP-1 and NF-AT transcription factor families did not shift the NAP-binding complex further (data not shown).
Discussion
HTLV-I Tax transactivates the HTLV-I LTR and numerous cellular genes potently through interaction with cellular transcription factors including CREB\ATF proteins, NF-κB, SRF, Ets, Sp1 and NF-Y Franklin et al., 1993 ; Fujii et al., 1992 Fujii et al., , 1995 Low et al., 1994 ; Reddy et al., 1997 ; Suzuki et al., 1993 a, b ; Trejo et al., 1996 Trejo et al., , 1997 Zhao & Giam, 1992) . In this study, we have investigated the role of Tax and specific cellular transcription factors in transactivation of TR3\nur77 expression in HTLV-Iinfected cells. The TR3\nur77 promoter was subjected to deletion and mutation analyses to define Tax-responsive elements. The 121 bp sequence immediately upstream of the transcription initiation site conferred full Tax responsiveness. There are multiple cis-acting elements in this promoter region, including Ets, RCE, CArG-like and Egr motifs, two overlapping Sp1 sites and two AP-1-like (NAP) elements. Mutations of any of these elements decreased Tax transactivation severely, showing that multiple transcription factors are involved in high-level expression of TR3\nur77 in HTLV-I-infected cells. Mutations of both NAP motifs abolished Tax transactivation totally, showing that these two NAP elements are critical for Tax transactivation. By introducing the two NAP elements into the minimal E1b promoter, we showed that these two NAP elements responded to Tax transactivation, indicating that these two NAP elements can essentially confer Taxregulated TR3\nur77 expression.
In a literature search, we found that the fra-1 and proenkephalin genes are also regulated by Tax through identical NAP elements (Low et al., 1994 ; Tsuchiya et al., 1993) . The NAP element (TGCGTCA) has also been designated as the CRE-2 or FAP element (Hai & Curran, 1991 ; Velcich & Ziff, 1990 ; Yoon & Lau, 1993 . It closely resembles the consensus AP-1 element (TGAG\CTCA) and the CRE sequence (TGACGTCA). The two NAP elements in the TR3\nur77 promoter are flanked by GC-rich sequences. Recent results of analysis of Tax-mediated HTLV-I LTR activity demonstrated that GC-rich sequences flanking the CRE motif of the HTLV-I LTR are crucial for Tax-CREB-DNA ternary complex assembly and that Tax can interact directly with the flanking GC-rich sequences (Lenzmeier et al., 1998) . The GCrich sequences flanking the NAP motifs in the TR3\nur77 promoter may thus provide direct interaction with the Tax protein. In our work, we have shown that a DNA probe containing the NAP motif and the flanking GC-rich sequence forms a specific DNA-protein-binding complex in Taxexpressing, HTLV-I-infected cells. This specific binding could be competed for efficiently by the consensus AP-1 and CRE elements, showing that the proteins forming a complex with the NAP element may belong to the AP-1 and\or CREB\ATF transcription factor families. As we have shown here, JunD is a part of this complex. JunD is expressed constitutively at high levels in T cells and other tissues (Chiu et al., 1989 ; Hirai et al., 1989 ; Farina et al., 1993) . Unmodified and in the absence of other factors, JunD forms unstable complexes with DNA (Nakabeppu & Nathans, 1989 ; Ryder et al., 1989) . JunD can form heterodimers with ATF3 and bind to the NAP element in vitro (Hai & Curran, 1991) . Earlier work by Low et al. (1994) showed that ATF3 can collaborate with Tax in regulation of proenkephalin expression in F9 cells. Recombinant Tax protein can increase in vitro binding of ATF3 to the NAP element dramatically. However, the authors did not provide any data that showed ATF3 binding in vivo to the NAP element in HTLV-I-infected cells. Our gel-shift analysis indicated that none of the characterized Fos family members (c-Fos, FosB, Fra1 or Fra2) or CREB\ATF members (CREB, CREM, ATF1, ATF2, ATF3, ATF4 and B-ATF) are components of this NAPbinding complex and that none of them collaborates with JunD in response to Tax transactivation of TR3\nur77 expression in F9 cells (data not shown).
The work of Yoon & Lau (1993 showed that TR3\nur77 can also be induced transiently by NGF and membrane depolarization in PC12 cells through the two NAP elements. JunD can also stimulateTR3\nur77 expression in PC-12 cells, and a JunD dominant-negative mutant blocks TR3\nur 77 activation by NGF and membrane depolarization. However, JunD alone does not bind to the NAP element. Also, these authors could not define a specific JunD partner in response to NGF and membrane depolarization. Earlier work showed that an uncharacterized protein distinct from either Fos, Jun or other known proteins forms a complex with JunD that can be induced rapidly in T cells by phorbol esters in the absence of protein synthesis (Gardner et al., 1994 ; Farina et al., 1993) . Because unstimulated T cells do not express four characterized FosB, Fra1 and Fra2) , it is impossible for JunD to form heterodimers with these proteins to regulate expression of immediate-early genes during the immediateearly stage of T-cell stimulation. Our ongoing work also suggests that a new protein, different from any currently characterized AP-1 or CREB\ATF transcription factor, is a component of the NAP-binding complex in HTLV-I-infected cells. It seems that this uncharacterized JunD-binding protein can form a heterodimer with JunD to bind specifically to the NAP element in response to diverse stimuli.
